Background and ObjectiveaaWe developed a Korean version of the Functional Outcomes of Sleep Questionnaire (K-FOSQ) and investigated its reliability and validity in simple snorer or obstructive sleep apnea (OSA) patients. MethodsaaA total 432 participants (70% men, 84% OSA, mean age 50.0 ± 9.8 years) who were simple snorers or had OSA were included. We assessed the internal consistency, test-retest reliability, factor analysis, multitrait scaling analysis, and the concurrent validity of the K-FOSQ. Participants completed a battery of questionnaires including the Epworth Sleepiness Scale (ESS), Short Form-36 Health Survey (SF-36), Medical Outcomes Study-Sleep (MOS-Sleep) Scale, and Beck Depression Inventory (BDI). ResultsaaFactor analysis identified five factors, in which only 24 items met the loading criteria. The five factors of K-FOSQ accounted for 73.0% of the variance. Cronbach's alpha coefficient for all domains exceeded the 0.70 standard for internal consistency. Test-retest reliability was acceptable (r = 0.41-0.93). Item-domain correlations ranged from 0.37 to 0.90. Only one item did not reach the threshold of 0.40. Floor effects were not observed, but ceiling effects were marked on all K-FOSQ subscales except one. All domains of K-FOSQ were significantly correlated with the corresponding scores of all tested instruments. The global K-FOSQ had a strong correlations (r > 0.50) with ESS and Sleep Problem Index-2 of MOS-Sleep, and had medium-sized correlations (r = 0.40-0.50) with BDI and SF-36 total scores. The K-FOSQ global and subscales did discriminate between participants with and without daytime sleepiness, but not between simple snorers and OSA patients. ConclusionsaaThe K-FOSQ is a reliable and valid instrument for assessing functional outcome in participants with daytime sleepiness.
INTRODUCTION
Obstructive sleep apnea (OSA) is one of the most common sleep disorders. OSA is characterized by repeated episodes of airflow cessation or reduction that result in episodes of nocturnal hypoxemia and repetitive arousal leading to fragmented, nonrestorative sleep.
1,2 Patients with OSA frequently complain of daytime sleepiness, 3 which predisposes them for accidents, interpersonal problems, and reduced productivity, and may also lead to deterioration in psychosocial and cognitive function. 4 Daytime sleepiness is usually measured by the Epworth Sleepiness Scale (ESS), 5 which is a useful clinical tool for subjectively assessing one's propensity to fall asleep and for quantifying the severity of excessive sleepiness.
The Functional Outcomes of Sleep Questionnaire (FOSQ) 6 is a self-administered, condition-specific questionnaire designed for use in patients with sleep disorders. It was developed in the USA to evaluate the impact of excessive sleepiness on activities of daily living. The FOSQ consists of 30 items within five domains including Activity Level, Vigilance, Intimacy and Sexual Relationships, General Productivity, and Social Outcome. These diverse aspects of the FOSQ could complement the evaluation of sleepiness provided by the ESS.
To be used in a different language and cultural setting, the questionnaire should be translated and adapted cross-culturally and then should be validated to be equivalent to the original instrument. The purposes of this study were 1) to examine the factor structure of the Korean translated version of FOSQ (K-FOSQ) and 2) to examine the reliability and validity of the K-FOSQ in patients with simple snoring and OSA.
METHODS Subjects
Participants were adult patients who visited a sleep laboratory for an evaluation of suspected OSA in the Asan Medical Center from January 2011 to December 2012. Their primary language was Korean. Inclusion criteria of participation in the present study were as follows: over 18 years of age, a diagnosis of simple snoring or OSA after undergoing standard polysomnography (PSG), and having completed a battery of sleep-and health-related questionnaires. Patients were excluded if they had a diagnosis of any coexisting sleep disorder by history or PSG, if they had self-reported any medical or psychiatric illness, or they used sedative or hypnotic medications. As shown in Table  1 , a total 432 participants (301 men and 131 women) were included in this study. The mean age of participants was 50.0 ± 9.8 years, 84% were patients with OSA, and the patients' mean body mass index was 26.0 ± 4.0 kg/m 2 . ESS score was ≥ 11 in 164 patients (38.0%). Written informed consent was obtained from all patients.
Obstructive sleep apnea was diagnosed and evaluated using the standard PSG. An apnea was defined as a drop in the peak thermal sensor excursion of ≥ 90% of the baseline value for at least 10 s. 7 A hypopnea was defined as a nasal pressure signal excursion drop of ≥ 30% of the baseline value for at least 10 s, accompanied by a ≥ 4% reduction in O2 saturation from the pre-event baseline. The apnea-hypopnea index (AHI) was defined as the sum of apneas and hypopneas per hour. Total sleep time was defined as the total number of minutes featuring exclusively N1, N2, N3, or REM sleep. Sleep stages were identified for each 30-second epoch by a well-trained registered polysomnographic technologist.
On the night of the PSG, patients completed a battery of sleeprelated questionnaires. Basic demographic information, medical comorbidity, and medication information were obtained from these questionnaires and from the patient' s electronic medical record.
Korean Version of Functional Outcomes of Sleep Questionnaire
The FOSQ is a self-administered questionnaire, and consists of 30 items focusing on the impact of sleep on 5 domains: Activity Level (9 items), Vigilance (7 items), Intimacy and Sexual Relationships (4 items), General Productivity (8 items), and Social Outcome (2 items). 6 Each item is scored on a 4-point scale ranging from 1 to 4. An item that results in a score of 0 is coded as non-available or as a missing response which will not be included in the calculation. The range of scores is 1 to 4 for each of the 5 domains and 5 to 20 for the global (summed) 
Questionnaires Administered

Short Form-36 Health Survey
The Short Form-36 Health Survey (SF-36) 8 assesses non-disease specific health-related quality of life. It contains 36 items covering 8 domains with four pertaining to physical functioning (physical functioning, role-physical, bodily pain, and general health) and four pertaining to mental health functioning (vitality, social functioning, role-emotional, and mental health). All raw scale score were linearly converted to a scale of 0-100. A higher score indicates better health-related functioning and quality of life. We used the Korean version of the SF-36. 
Epworth Sleepiness Scale
The ESS is the most widely used questionnaire to assess subjective daytime sleepiness. 5 This is a self-administered scale with 8 items about how easily the respondent would fall asleep in different situations. The items are scored on a 0-3 scale, which are added to give an overall score of 0-24. A higher score indicates greater sleepiness during daily activities. An ESS score ≥ 11 is considered indicative of excessive daytime sleepiness. We used the Korean version of the ESS.
10
Medical Outcomes Study-Sleep Scale
The Medical Outcomes Study-Sleep (MOS-Sleep) Scale 11,12 is one of the most widely used scales for evaluating broad-spectrum sleep quality. It is a self-administered, non-disease specific scale for assessing information pertaining to both sleep quality and sleep quantity, consisting of 12 items. The MOS-Sleep measures the subjective experiences of sleep across 6 domains (sleep disturbance, 4 items; sleep adequacy, 2 items; sleep quantity, 1 item; daytime somnolence, 3 items; snoring, 1 item; and shortness of breath, 1 item). The Sleep Problems Index-2 (SPI-2) uses 9 items from 4 domains (sleep disturbance, 4 items; sleep adequacy, 2 items; daytime somnolence, 2 items; and shortness of breath, 1 item). Higher scores of SPI-2 indicate a more severe sleep problem. We used the Korean version of the MOSSleep Scale. 13 
Beck Depression Inventory
The Beck Depression Inventory (BDI) is one of the most commonly used scales to assess the severity of depressive symptoms. It is a 21-item self-administered scale.
14 Each item contains 4 graded statements that reflect a 4-point scale ranging from 0 to 3. The scores range from 0 representing no depression to 63 representing severe depression. The Korean version of BDI has also been validated. 15 
Statistical Analysis
All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) 21 (SPSS Inc., Chicago, IL, USA). p-values < 0.05 were considered statistically significant.
Structural construct validity
Construct validity was assessed by exploratory factor analysis (principal axis factoring with promax rotation) to examine if the Korean version of the FOSQ captures the same constructs proposed in the original version. Exploratory factor analysis is a multivariate statistical method used to uncover the underlying structure of variable interrelations, and is a technique within factor analysis with an overarching goal to determine whether they can be represented by a smaller number of underlying factors. Criteria for extraction included: 1) loadings of at least 0.40 and at least 0.15 difference in cross-loadings, 2) use of the scree plot to identify the number of factors, and 3) eigenvalues greater than 1.0. 16 When low factor loadings occurred, one item was deleted and the principal axis factoring was repeated until all items loaded according to the entry criteria.
To examine the appropriateness of the data for factor analysis, the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and the Bartlett's Test of Sphericity were used. The KMO statistic varies from 0 to 1, and values higher than 0.7 are recommended. 17 
Reliability
Internal consistency of the K-FOSQ was assessed by the overall Cronbach's alpha coefficient and the Cronbach's alpha coefficient for each scale. Estimates of a magnitude higher than 0.7 were considered acceptable. 18 Test-retest reliability was assessed using Pearson correlation coefficients. To examine test-retest reliability, an interval of two or three weeks between each assessment was chosen so as to minimize the subject's recall of the previous answer. Only patients without changes in their illness status were included. Therefore, the second K-FOSQ was obtained without intervening procedures (such as continuous positive airway pressure titration or sleep-related medication) when the subjects visited the outpatient clinic two or three weeks after PSG.
Multitrait scaling analysis
For the purpose of examining how well items of each domain represent a particular trait relative to other traits, item convergence and item discrimination were evaluated. Item convergence assesses the correlation between each item and its own domain, and its criterion is met when the value is greater than 0.40. 19 Item discrimination assesses the extent to which an item correlates more closely with the domain it represents than with other domains. Its criterion states that each item should have a higher correlation with its own domain than with any of the others.
20
Floor and ceiling effects
For floor and ceiling effects, we examined the proportion of scores with floor and ceiling effects using the total scale scores of the potential minimum and maximum, respectively. Ceiling and floor effects were below the acceptable cutoff of 15%. 21 
Concurrent validity
For concurrent validity, Spearman's rank correlation coefficients were calculated to assess the relationship between scores of K-FOSQ and other instruments administered in this study.
Discriminant validity
To assess this, we selected two types of parameters suggesting the severity and its consequence of OSA: the AHI, and scores of ESS. To examine the relations between or among them, Student's t test or a one-way analysis of variance test were used. 
RESULTS
Structural Constructive Validity
The factor analysis loadings yielded a five-factor solution that met the analytic criteria (Table 2 ). Principal axis factoring was computed on the 30-item FOSQ, and it indicated that 24 items (Appendix) met the loading criteria. Six items did not meet the loading criteria. Five items (items 15, 16, 22, 24, and 25) was deleted because they did not meet the loading criterion of > 0.40, and one item (item 5) was deleted because it did not meet the criterion of a > 0.15 difference in cross-loading (0.47 on factor 1 vs. 0.49 on factor 4). After deleting the 6 items, five factors explaining a 73.0% of variance emerged. Loadings ranged from 0.50 to 0.91 for the first factor, 0.42 to 0.83 for the second factor, 0.81 to 0.96 for the third factor, 0.50 to 0.79 for the fourth factor, and 0.55 to 0.90 for the fifth factor. The screening test confirmed a five-factor solution. The KMO statistic was 0.921, supporting a finding that the data were suitable for factor analysis. The Bartlett's Test of Sphericity was significant (χ 2 = 4846.22, p < 0.001), indicating that the correlation matrix was appropriate for the analysis. Table 2 shows factor loadings, eigenvalues, Cronbach alphas, and the cumulative variance for each factor.
The first factor consisted of five items from the original Vigilance domain, and explained 46.3% of the variance in the 26 items of the K-FOSQ. The second factor accounted for additional 9.0% of the variance. Seven items (items 3, 9, 10, and 11 from the original General Productivity domain, items 12 and 13 from the original Social Outcome domain, and item 14 from the original Activity Level domain) loaded on the second factor (named 'General Productivity/Social Outcome'). The third factor comprised all four items of the original Intimacy and Sexual Relationships domain, and explained additional 7.0% of the variance. The fourth factor counted for additional 6.3% of the variance. Five items (items 1, 2, and 4 from the original General Productivity domain and items 23 and 26 from the original Activity Level domain) loaded on the fourth factor (named 'Mental and Physical Activity Level'). The fifth factor explained an additional 4.4% of the total variance. Three items (items 6 and 7 from the original Vigilance domain and item 8 from the original General Productivity domain) loaded on the fifth factor (named 'Driving'). The deleted six items (items 5, 15, 16, 22, 24, and 25) from the FOSQ were all from the original Activity Level domain (Table 3 ).
Reliability
The analysis for reliability was performed on the 24 items and five domains yielded by the factor analysis. All domains showed good internal consistency in K-FOSQ (Appendix). Cronbach's alphas ranged from 0.80 (Mental and Physical Activity Level) to 0.94 (Driving) across five domains, and Cronbach's alpha was 0.94 for the total scale (Table 2) .
In this study, test-retest reliability of K-FOSQ was assessed in 36 patients, and was acceptable. 
Multitrait Scaling Analysis
The items-to-domain correlations were calculated for 24 items comprising five domains. Item-domain correlations Table 4 showed the percentage of respondents giving the lowest (floor) and highest possible scores (ceiling). The percentages of participants with floor and ceiling effects for the global K-FOSQ were 0% and 4.9%, respectively. The K-FOSQ scores did not concentrate at the floor for any subscale. However, there were marked ceiling effects in all the K-FOSQ subscales except the Mental and Physical Activity Level subscale. Table 5 presents the correlation coefficients of K-FOSQ with the other instruments administered in this study. All domains of K-FOSQ significantly correlated with scores of all tested instruments. The total scores of K-FOSQ had particularly strong correlations (r > 0.50) with ESS and SPI-2 of MOS-Sleep, and had medium-sized correlations (r = 0.40-0.50) with the scores from the BDI and the SF-36 total scores. Among the domains of K-FOSQ, the Mental and Physical Activity Level domain most significantly correlated with all tested instruments. The Vigilance and Driving domains were strong correlated with ESS (r = -0.58, r = -0.53) but were weakly correlated (r < 0.40) with other tested instruments (Table 5) .
Floor and Ceiling Effects
Concurrent Validity
Discriminant Validity
Subjects were divided into 3 groups according to the severity of AHI (Table 1) : the normal/mild group (0 ≤ AHI < 10), the mild/moderate group (10 ≤ AHI < 30), and the severe group (AHI ≥ 30). Only scores of the Mental and Physical Activity domain tended to be different among the three subgroups (p = 0.054). The scores of the General Productivity/Social Outcome domain were significantly lower in the severe OSA subgroup (3.21 ± 0.62) had than the mild/moderate subgroup (3.37 ± 0.52) (p = 0.042). In addition, AHI tended to be weakly correlated with General Productivity/Social Outcome (r = 0.094, p = 0.053) and Vigilance (r = -0.083, p = 0.085). The FOSQ global and subscales did not discriminate between simple snorers and OSA patients. Subjects were also divided into 2 groups according to the severity of daytime sleepiness: the non-sleepy group (ESS < 11) and the sleepy group (ESS ≥ 11). The scores of K-FOSQ total and five domains were significantly different between patients with and without daytime sleepiness ( Table 6 ). As expected, patients with ESS scores ≥ 11 had significantly lower functional outcome than those with ESS < 11.
DISCUSSION
The application of the FOSQ in non-English-speaking countries requires linguistic adaptation together with a re-examination of its validity. Several language versions of the FOSQ including Norwegian, 22 Spanish, 23 Swedish, 24 and Thai 25 have been recently evaluated in patients with sleep disorders, especially with OSA. So far, there is no published data of factor analysis for a non-English version of FOSQ. Factor analysis in this study constituted five factors which were consistent with the original FOSQ. 6 However, only 24 questions were captured by the factor structure in the present study, and items consisting of individual factors were somewhat different from the original FOSQ. For example, three driving-related items from the Vigilance and General Productivity in the original FOSQ constituted the new Driving factor in this study. Additionally, the new Mental and Physical Activity Level is made up of three items from the General Productivity domain (difficulty concentrating on things, difficulty remembering things, and difficulty working on a hobby) and two items from the Activity Level domain (rating of general level of activity and difficulty being as active as you want in morning) in the original FOSQ. The Intimacy and Sexual Relationships domain was identical to the original one. All of deleted items in this study were from the original Activity Level domain. Cultural variations may account for this discrepancy. Cultural variability could seriously affect a questionnaire design and the expected outcomes. 26 The proportion of total variance in the set of 24 questions captured by the factor structure was 73.0%, which was higher than the 57.3% of the original FOSQ.
The internal consistency of K-FOSQ (Appendix) was found to be good to excellent in all domains (Cronbach's alpha 0.80 to 0.94) and for the global score (Cronbach's alpha 0.94). And in the test-retest the intraclass correlation coefficients varied between 0.41 and 0.93, with 0.79 for the global score. The lowest reproducibility was found in the Driving subscale. All domains and global scores except Driving showed acceptable test-retest reliability.
The K-FOSQ was also shown to be valid for measuring the concept of the hypothesized dimension. In this study, all items in domains except one item (difficulty finishing a meal) from the General Productivity/Social Outcome domain had higher item-scale correlations than 0.40 for the hypothesized dimension. These findings represent good item correlations with their own domain. 19 Item discrimination was also satisfied. The scaling success rates on discriminant validity were 100% for all domains. All items showed lower item correlations (less than 0.40) with other domains. This suggests that items of K-FOSQ were more strongly correlated with their hypothesized dimensions than with the other dimensions of the instrument. 20 There were no floor or ceiling effects for the global K-FOSQ. However, marked ceiling effects were found in all the K-FOSQ subscales except the Mental and Physical Activity Level. These findings are similar to the Norwegian and Swedish versions of FOSQ, 22, 24 showing that all the subscales except Activity Level had ceiling effects. The high ceiling effects mean that these subscales may not differentiate between higher levels of function in these domains.
Correlations between the K-FOSQ and other instruments administered in this study provided evidence for concurrent validity. The K-FOSQ global scores had particularly strong correlations (r > 0.50) with ESS and SPI-2, and had medium-sized correlations (r = 0.40-0.50) with the total scores from the BDI and SF-36. The Mental and Physical Activity Level domain was the most significantly correlated with all tested instruments. Like our study, ESS has been reported to be well correlated with the all FOSQ subscales and global scores, except the Intimacy and Sexual Relationships domain. 24, 25 In this study, this domain had the lowest correlation coefficients for ESS among the domains of K-FOSQ, too. The five K-FOSQ subscales and the global scale discriminated between patients with ESS scores ≤ 10 and ≥ 11, which was consistent with the Norwegian version of the FOSQ. 22 However, in the Swedish version, 24 the differences between high and low ESS-scores groups regarding FOSQ were all statistically significant, except for the Intimacy and Sexual Relationships subscale.
The original global FOSQ and its subscales showed low correlations with SF-36 subscales, suggesting that the FOSQ did not have concurrent validity. 6 In the present study, however, the global K-FOSQ and its subscales were found to have medium-sized correlation with all the SF-36 subscales. This was consistent with the Swedish version of the FOSQ, 24 which showed a positive and statistically significant correlation between the global FOSQ and its subscales and all the subscales in the SF-36.
In the present study, we did not find any statistically significant difference in all K-FOSQ scores among different severities of OSA, except for a trend to have lower scores in severe OSA. In the Mental and Physical Activity Level subscale, the severe OSA subgroup had lower scores than the mild/moderate subgroup. This finding was consistent with that from the Thai FOSQ. 25 We also did not find any statistically significant relations between the AHI and K-FOSQ global score and subscales, except a trend toward a weak correlation with General Productivity/Social Outcome and Vigilance.
This study has several limitations that should be noted. First, this study did not include a normal control group. Therefore we did not confirm whether the K-FOSQ could discriminate between normal healthy control and patient groups. Second, the design of the study was cross-sectional. This design did not allow us to estimate some important aspects of reliability and validity, including responsiveness to changes such as continuous positive airway pressure treatment. Third, the participant group was all patients who visited a sleep laboratory for an evaluation of suspected OSA in a tertiary hospital; therefore, the extent to which the results may be generalized is limited.
In conclusion, we developed a K-FOSQ, and examined its reliability and validity in patients who suffered from simple snoring or OSA. The results from this study provide evidence that the K-FOSQ has internal consistency, test-retest reliability, and construct and concurrent validity. The lowest scores were found in the subscale of Mental and Physical Activity Level, which was the most significantly correlated with all tested instruments. In addition, K-FOSQ was found to appropriately differentiate between the patients with and without daytime sleepiness.
